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ABSTRACT 
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FROM: R. E .  Hunter 

Skylab 1 (SL-1) launch vehicle loads produced by in- 
flight winds are considerably more severe than those produced 
by the same wind environment on an Apollo/Saturn launch vehicle. 
These loads can be reduced by using a pitch and yaw plane wind 
biased trajectory. 

Without a wind biased trajectory, SL-1 would be 
limited to a summer launch. Preliminary studies at MSFC have 
indicated that wind biasing can provide a launch probability 
for SL-1 in excess of -80 during the windiest month. 
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Skylab 1 (SL-1) aerodynamic and mass p r o p e r t i e s  
are such t h a t  launch  v e h i c l e  l oads  produced by i n f l i g h t  
winds are cons ide rab ly  more s e v e r e  than  t h o s e  produced by 
the s a m e  wind environment on an  Apollo/Saturn launch v e h i c l e .  
This  i n c r e a s e  i n  SL-1 launch v e h i c l e  l oad ,  t h e  areas be ing  
i n v e s t i g a t e d  t o  reduce  SL-1 i n f l i g h t  wind l o a d s ,  and t h e  
launch c o n s t r a i n t s  created by these loads  a r e  d i scussed  
h e r e i n .  

D i f f e rences  i n  payload c o n f i g u r a t i o n  between an  
Apollo v e h i c l e  and SL-1 are shown i n  F igu re  1. The SL-1 
payload shroud c r e a t e s  g r e a t e r  l a t e ra l  aerodynamic f o r c e s  
a t  a given ang le  of a t t a c k ,  t h a n  the Apollo c o n f i g u r a t i o n .  
This  i n c r e a s e d  l a t e r a l  l oad  on t h e  forward end of  t h e  
v e h i c l e  causes  a forward s h i f t  i n  t h e  aerodynamic c e n t e r  of 
p r e s s u r e .  The weight  d i s t r i b u t i o n  f o r  SL-1 i s  such t h a t  
there i s  an a f t  s h i f t  i n  t h e  center of mass compared t o  an  
Apollo v e h i c l e .  F i g u r e  2 shows t h e  d i f f e r e n c e  i n  aerodynamic 
c e n t e r  of p r e s s u r e  and c e n t e r  of m a s s  v s .  f l i g h t  t i m e  f o r  
S L - 1  and a t y p i c a l  Apollo v e h i c l e .  The forward s h i f t  
i n  t h e  aerodynamic c e n t e r  of p r e s s u r e  combined w i t h  t h e  a f t  
s h i f t  i n  t h e  c e n t e r  of mass i n c r e a s e s  r i g i d  body aerodynamic 
moments. These i n c r e a s e d  aerodynamic moments r e q u i r e  g r e a t e r  
t h r u s t  moments i n  o r d e r  t o  main ta in  v e h i c l e  s t a b i l i t y .  The 
a f t  s h i f t  i n  t h e  c e n t e r  of m a s s  means t h a t  a g iven  gimbal 
a n g l e  on SL-1 creates less c o n t r o l  moment than  t h e  same 
gimbal ang le  on an Apollo v e h i c l e .  

The Apollo/Saturn des ign  bending moment d i s t r i b u t i o n  
a t  max qa i s  shown i n  Figure 3 .  3 ' 4 '  
d i s t r i b u t i o n  w a s  c a l c u l a t e d  based on a s y n t h e t i c  wind pro-  
Zile is in t ended  t o  he  r e p r e s e n t a t i v e  of a 9 5  p e r c e n t i l e  
M n d  dur ing  t h e  w l n d i e s t  month. I n  o r d e r  t o  de te rmine  t h e  
Apollo des ign  bending moment d i s t r i b u t i o n  t h i s  wind p r o f i l e  
w a s  assumed t o  be a c t i n g  i n  t h e  launch v e h i c l e  yaw p l a n e ,  
t h e  d i r e c t i o n  t h a t  produces maximum bending moment. 

This  bending moment 

The c r i te r ia  used t o  determine Apollo des ign  l o a d s ,  
i f  a p p l i e d  t o  t h e  SL-1 launch,  would e f f e c t i v e l y  l i m i t  t h e  
program t o  summer launches.  When t h e  Apollo des ign  wind 
p r o f i l e  i s  used t o  c a l c u l a t e  SL-1 maximum bending moment 
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d i s t r i b u t i o n  t h e  r e s u l t a n t  load ,  as shown i n  F igu re  3 ,  i s  
6 0 %  g r e a t e r  t han  t h e  Apollo des ign  bending moment. Extens ive  
s t r u c t u r a l  mod i f i ca t ion  t o  t h e  Sa tu rn  V launch v e h i c l e  would 
be r e q u i r e d  t o  s u r v i v e  this i n c r e a s e d  load. I n  order t o  
reduce  SL-1 launch v e h i c l e  maximum bending moment t o  t h e  Apollo 
des ign  moment, t h e  maximum s y n t h e t i c  p r o f i l e  wind speed must 
be reduced from 75 m / s  t o  30 m / s .  From F igure  5 t h e  proba- 
b i l i t y  t h a t  a 30 m / s  h igh  a l t i t u d e  wind w i l l  be  exceeded i s  
g r e a t e r  t han  .5 du r ing  s i x  months o u t  of  t h e  y e a r  (November - 
A p r i l )  and .85 d u r i n g  t h e  months o f  January,  February,  and 
March.7 
assume a s e v e r e  wind p r o f i l e  (high s h e a r  and g u s t )  and assume 
t h a t  t h e  p r o f i l e  acts i n  t h e  wors t  d i r e c t i o n  (yaw p l a n e ) .  
F o r t u n a t e l y  t h e r e  are reasonable  a l t e r n a t i v e s  t o  t h i s  restric- 
t i o n  s h o r t  o f  a t o t a l  r e b u i l d  of t h e  Sa tu rn  V launch v e h i c l e .  

I t  i s  impor t an t  t o  r e a l i z e  t h a t  t h e s e  c a l c u l a t i o n s  

Cons iderable  load  r e l i e f  can be achieved by t a k i n g  
advantage of the d i r e c t i o n a l  character is t ic  of  h igh  a l t i t u d e  
winds. P r e v a i l i n g  a l t i t u d e  w i n d s  a t  KSC are  from W e s t  t o  
E a s t ;  t h e  h igh  i n c l i n a t i o n  launch azimuth ( ~ 4 5 ' )  f o r  SL-1 
i n c r e a s e s  the p r o b a b i l i t y  t h a t  h igh  v e l o c i t y  winds w i l l  occur  
i n  t h e  yaw p lane .  Thus i n  o rde r  t o  s i g n i f i c a n t l y  reduce  t h e  
maximum expected i n f l i g h t  wind loads f o r  SL-1 it w i l l  be neces- 
s a r y  t o  b i a s  the t r a j e c t o r y  i n  bo th  t h e  p i t c h  and yaw p lane .  
T h e  t r a j e c t o r y  f o r  a win te r  launch would be determined such 
t h a t  minimum loads  would be produced by t h e  mean " d i r e c t i o n a l  
wind p r o f i l e "  f o r  t h a t  t i m e  of y e a r .  For example, i f  the wind 
d u r i n g  a p a r t i c u l a r  month i s  p e r s i s t e n t l y  from the West, w i t h  
d iitedri speed of 45 m/s, then  the t r a j e c t o r y  would be designed 
so t h a t  t h i s  mean wind p r o f i l e  would produce minimum v e h i c l e  
loads.  

P re l imina ry  s t u d i e s  a t  MSFC have i n d i c a t e d  t h a t  
p i t c h  and yaw p lane  wind b i a s i n g  can p rov ide  a launch proba- 
b i l i t y  f o r  SL-1 i n  excess  o f  .80 d u r i n g  t h e  w i n d i e s t  month. 
C a l c u l a t i o n s  have been performed us ing  a c t u a l  KSC wind p r o f i l e s  
and s t a t i s t i c a l l y  de te rmining  t h e  loads produced on t h e  SL-1 
v e h i c l e  u s i n g  a wind b i a s e d  t r a j e c t o r y .  
compared w i t h  loads produced by d i r e c t i o n a l  s y n t h e t i c  p r o f i l e s .  

These r e s u l t s  w i l l  be  

Major changes t o  t h e  Sa tu rn  V launch v e h i c l e  c o n t r o l  
sys tem t o  i n c l u d e  acceleration and/or v e l o c i t y  feedback f o r  
t h e  SL-1 f l i g h t  could  f u r t h e r  reduce  launch loads. These areas 
are under  i n v e s t i g a t i o n  a t  MSFC b u t  t h e  c u r r e n t  f e e l i n g  i s  
t h a t  wind b i a s i n g  can provide  s u f f i c i e n t  load r e l i e f  w i t h  no 
f u r t h e r  changes necessary .  

P r e s e n t  Skylab Program s p e c i f i c a t i o n s  r e q u i r e  t h a t  
S L - 1  be able t o  s u r v i v e  a 75 m / s  omnid i r ec t iona l  s y n t h e t i c  
wind p r o f i l e  as d e f i n e d  i n  Reference 1. Th i s  cr i ter ia  w a s  
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established for development of Apollo/Saturn hardware. Use of 
the hardware in a new application necessitates a re-evaluation 
of both operational procedures and hardware capability, and the 
present specification is clearly unacceptable. 

2031-REH-aJJ R. E. Hunter 
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